ABSTRACT
The stock market provides the fulcrum for capital market activities and it is often cited as a barometer for business direction. An active stock market may be relied upon to measure changes in the general economic activities using the stock market index (Obadan, 1998) . The development of the capital market, and apparently the stock market, provides opportunities for greater funds mobilization, improved efficiency in resource allocation and provision of relevant information for economic activities' appraisal (Inanga and Emenuga, 1997) .
Despite the giant strides in investment opportunities taken in the recent past by a host of African countries to leapfrog their various economies towards the path of development through the development of the capital market, some studies on contagion in Africa still suggest that African markets (except the Johannesburg Stock market and probably Egypt) are less fundamentally involved with other emerging markets and by implication, are still fragile and not integrated into the global capital market. The African stock markets are relatively small, with lower and fewer listed companies when compared with other emerging markets. Many African markets have low foreign investment ceilings and most are not included in the International Finance Corporation's Investibles (IFCI) index (Collins and Biekpe, 2004) . This implies that there is little or no foreign investment in these markets.
However, Tella (2009) posited that the conclusion drawn by Collins and Biekpe (2004) on African markets is short-lived as indications on local finance markets in Africa, particularly happenings in the Nigerian Stock Market since the first quarter of 2008 and the currency market since the last quarter of the year, have indicated that the local financial market is not insulated from the financial contagion around the world. Particularly, when it was found that there was foreign capital inflow into the Nigerian stock market between 2004 and 2007 during banking consolidation. Table 1 shows that Sub-Saharan Africa has experienced a steady increase in economic globalization in the last four decades, i.e. from an index of 29.83 in 1970-79 to 46.57 in 2000-09 . This supports the presumption that African markets are steadily integrating into the world markets. In his study, Tella (2009) showed that there was co-movement between the Nigerian stock market and the Dow-Jones of the United States. Also, he found that, though there is no long run relationship between the two stock exchanges, the Dow-Jones Granger-cause, that is, has some effect on the Nigerian stock market. Hence, the Nigerian stock market is therefore not totally immune to the vagaries of the world financial crisis given that the Dow-Jones influences many stock exchanges around the world. This agrees with Edwards' (2000) assertion that, in a world of high capital mobility, even small adjustments in international portfolio allocations to emerging economies can result in very large savings in capital flows. Sudden reduction in these flows or unanticipated outflow can have serious effects on domestic interest rates and exchange rates, resulting in reducing policy credibility and unleashing a vicious circle.
Therefore, the contending issue in the face of these studies is a question that has been left, at best, controversial in empirical studies: Could African stock markets have been or become efficient in the face of the global economic crisis which generated serious uncertainty and volatility in the stock markets, and were they affected during the crisis? The focus of this study is to investigate the validity of this question.
The concept of efficiency in this case is premised on the Efficient Market Hypothesis (EMH) which suggests that a market is efficient when prices always fully reflect available information. That is, all currently available information is embedded in the current prices (Fama, 1970; Bailey, 2005) . The efficiency of stock markets is one of the most controversial and well studied propositions in the literature of the capital market. Even if there have been a number of researches and journal articles, economists have not yet reached a consensus about whether capital markets are efficient or not. The wide range of studies concerning the efficient market hypothesis in the literature provides mixed evidences. The studies such as Sharma and Kennedy (1977) , Barua (1980 Barua ( , 1987 , Sharma (1983) , Ramachandran (1985) , Gupta (1985) , Srinivasan (1988) , Vaidyanathan and Gali(1994) and Prusty (2007) support the weak form efficiency of Indian capital market.
There have been some studies like Kulkarni (1978) , Chaudhury (1991) , Poshakwale (1996) , Pant and Bishnoi (2002) , Pandey (2003) and Gupta and Basu (2007) , (Mishra, 2009) and (Mishra and Pradhan, 2009 ) which do not support the existence of weak form efficiency. This disagreement regarding the Efficient Market Hypothesis has generated research interest in this topic. Additionally, the recent market downsizing across the globe has also contributed to it.
The paper adopts a two-prong methodological approach to investigating the subject matter. First, we use unit roots tests and summary statistics to determine the issue of contagion and secondly, we employ GARCH and E-GARCH to investigate volatility and thus efficiency of the markets. These are further espoused in the appropriate sections of the paper.
Apart from this introduction, the rest of the paper is divided into six sections. Section II contains the literature review with sub-sections on issues relating to definitions, conceptual and theoretical considerations of market efficiency, Section III looks into the review of available literature while Section IV focuses on the review of empirical studies and the methodological review. Section V examines the trend of stock market development in Africa prior to and during the global economic crisis, Section VI sets the methodology and analytical framework, Section VII considers the model estimations and discussion of findings while Section VIII which serves as the last section, makes the conclusion and proffers necessary policy suggestions.
LITERATURE REVIEW

Definitional Issues
The available theoretical framework revolving around an efficient market hypothesis represents different stages of the development of the concepts and reflects various views of the researchers. In the process of development of capital market efficiency into modern form, it is possible to recognize two different approaches. Fama's (1970) approach is referred to as the "empirical" tradition of the Chicago school, which developed earlier formal foundations of EMH (Findlay and Williams, 2000) .
The "information" economics approach can be gleaned from the works of Rubinstein (1975 ), Beaver (1981 , and Latham (1986) , who introduced alternative definitions. The approach of Fama (1970) concentrated on explaining how the market uses information or establishes prices, whereas the "information economics" school attempted to formalize the EMH considering individual investors and their relation to prices. Beaver (1981) defines market to be efficient with respect to information signal if it generates security prices identical to those that would be generated in a market where each individual investor knows the signal, given that preferences and endowments are identical in both markets. Latham (1986) defines efficiency relative to some information set that, if revealed to all investors, would not change prices and portfolios.
As pointed out by Ball (1994) more formal definitions over Fama's model are of limited use for empirical researches. In the "identical world" where all investors are assumed to possess the available information without cost; however, in the real world it is impossible that all investors could work without cost and also be fully informed about all information (Ball, 1994) . Therefore, any test of efficiency has to assume an equilibrium model, which was proposed by the "empirical school." Fama's (1970) definition that in an efficient market, prices "fully reflect" available information was criticized by Leroy (1989) as empty and tautological. He argues that it is unclear how the market correctly uses all relevant information in determining security prices, if investors have heterogeneous information (Leroy 1989 ). In the spirit of an information economics approach, Grossman (1976) also notices a paradox in Fama's (1970) definition.
If prices fully reflect all available information, there is no reason for an investor to search for information in his decision-making of buying and selling different stocks. How could the prices fully reflect the information if no one searched for information? Grossman and Stiglitz (1980) analyzed this paradox and presented the model where the prices partially reflect the information that arbitrageurs possess. Their theory was based on two types of investors, informed and uninformed. If the market is efficient, where information is associated with a cost, the informed individuals would not able to get any compensation from the uninformed individuals, since the information will be fully reflected in the stock prices.
However, they also found certain noise in this model, which implied that stock prices could not reflect all information. If the market price were perfectly informative, there would be little incentives for investors to search and pay for additional information for their decision-making (Grossman and Stiglitz, 1980; Latham, 1986) . This work has led to the development of a large body of literature that attempted to redefine the notion of the efficient markets (Findlay and Williams, 2000) .
More recently, Malkiel (1992) extends Fama's definition by including two dimensions: in efficient markets, security prices would be unaffected by revealing the relevant information to all participants. Second, it is impossible to make a profit by trading on this set of information. Therefore, the market efficiency can be judged by measuring profits made by trading on the information. This view is closely related to the definition of market efficiency provided by Jensen (1978); Campbell et al. (1997: 22) ; Timmermann and Granger (2004) . However, their definitions are concerned with information and transaction costs, but do not involve testing the joint hypothesis (Pesaran, 2005 ).
Based on the above different discussion, we may conclude that even if there are various critics of Fama's (1970) definition and redefinitions of the concept, his definition of efficient markets is still the most commonly used standard and benchmark for determining market efficiency and relative market efficiency.
Conceptual Issues
Since the seminal work on the balance of payments crises and speculative attacks by Krugman (1979) , the literature of financial crises has evolved over time. The first generation of models (see, for example, Krugman, 1979 and Garber, 1984) dealt with the un-sustainability of a fixed currency peg due to the inconsistency between money creation for the financing of budget deficit and the maintenance of the peg that required monetary policy to be amenable to the defense of the currency. Rational agents aware of this "vulnerability" would engage in a speculative attack on the exchange rate, which triggers exchange rate adjustments (Krugman, 1979 and Garber, 1984) .
Later models (Flood, Garber and Kramer, 1996; Flood and Marion, 1996) extend the analyses to include scenarios where monetary authorities are non-passive as well as cases where uncertainties exist. However, these models were premised on the existence of weaknesses in macroeconomic fundamentals, and a key element missing in the first generation models is the existence of contagion and contagion effects.
The second-generation models of financial crises focused on the existence of multiple equilibria as an explanation for currency and banking crises, best captured in the papers by Obstfeld (1986 Obstfeld ( , 1994 . Obstfeld said that crises occur as a result of the movement from one equilibrium to another, which can be alluded to as a "bad" equilibrium, through nonlinearities in government behavior. These nonlinearities are often triggered by incompatibilities between the expectations of agents and government signals or incentives. Second generation models also spawned the possibility of herd behavior as a cause of currency and financial crises.
In the aftermath of the Asian financial crisis, a new theoretical strand emerged -one that emphasized moral hazard as well as contagion (Chang and Velasco, 1998; Corsetti, Pesenti and Roubini, 1999) as the missing links that could possibly reconcile the two disparate trends between the first generation fundamental-based and the second generation self-fulfilling, multiple equilibria-based models.
Agents in the market form expectations based on the current information set, and if markets are sufficiently competitive, then investors cannot expect to achieve superior profits from their investment strategies based on their information set. This is because "in competitive market, there is a buyer for every seller. If one could be sure that a price would rise, it would have already risen" (Samuelson, 1965) .
By way of contrast, the inefficiency of the market has several implications. First, the share prices may not necessarily reflect the true value of stocks. So, companies with low true values may be able to mobilize a lot of capital, while companies with high true values may find it difficult to raise capital. This disrupts the investment scenario of the country as well as the total productivity. Second, market inefficiency may imply mean reversion of prices that may cause expected returns to vary. Third, market inefficiency may imply excess price volatility in the short run because prices change by more than the value of the new information. Last but not the least; weak form market inefficiency may have a positive impact on the process of financial innovation. In a state of market inefficiency, opportunities for supernormal profit exist because the future prices can be predicted following the information contained in past prices. So the expectation for excess profit will stimulate short run investment which may act as the best incentive for introducing sophisticated new financial products to exploit the environment (Chang and Velasco, 1998) .
Certainly, the existence of excessive volatility, or "noise," in the stock market undermines the usefulness of stock prices as a "signal" about the true intrinsic value of a firm, a concept that is core to the paradigm of the informational efficiency of markets (Karolyi, 2001) .
It is important to constantly document developments in the global stock markets, especially in the face of globalization. An accumulation of such information will also provide a platform for determining the integration of a global stock market or lack of it. Since the global markets encapsulate stock markets located in developed and emerging economies, it is of scholarly interest to find out if the pattern of returns and volatilities change over time or have a strong correlation to the development status of the countries where the stock market is located, and hence, the need for this kind of study from time to time.
In this vein, it is common to distinguish two types of channels for an international transmission of crisis, such as had occurred with the US subprime crisis: (1) "Common Shocks" whereby financial sectors in different countries are concurrently affected by the same development; and (2) Spill-over effects or "Contagion" whereby the impact of the shock on the US financial market and economy are subsequently transmitted elsewhere (Stevens, 2008) .
The common shocks take two forms. One is the existence of exposure of both US and international investors and financial institutions to increased default risk of securities linked to the US sub-prime market. This has been of importance in the transmission effects to Europe with many notable instances of write-downs of the market value of asset portfolios. The second common shock, reflecting the integrated nature of international investments, is the marked increase in risk aversion and liquidity preference of investors worldwide. Again, this was noticeable in European markets, both in interbank markets and in wholesale debt markets (Bank of England, 2007; European Central Bank, 2007) . Didier et al. (2007) identify two types of spillover of contagion. One is via "real economy" effects such as the international transmission of aggregate demand and trade flow effects from the impact of the crisis of the US economy. While this might be expected to involve lagged effects spread over time, "rational" expectations and resulting actions particularly of financial market participants may speed up the effects. For example, the sensitivity of equity market prices, and thus the cost of capital, to changed economic growth projections may be relatively rapid.
A second type of spillover effect rises from the interrelationships of the global debt and the equity market. For example, changes in asset prices in one market will be transmitted to other markets internationally through portfolio adjustments by intermediaries and investors. Similarly, shocks to liquidity and asset quality in particular markets will lead to balance sheet adjustments by banks, fund managers, and others operating internationally. These effects may be transmitted by asset market adjustments or by financial institutions (Didier et al., 2008) .
In the former case, changes in market prices provide a rapid sign of effects whereas the opacity of the banking sector means that public information about effects may be more delayed and reflected in announcements about asset value write downs and provisioning. In general, interactions between adjustments in asset markets and actions of intermediaries play an important role in generating and transmitting financial fragility and creating systemic crises because of the important role of liquidity (Allen and Gale, 2007) . This paper focuses on this second type of spillover and emphasizes equity volatility transmission.
Review of Empirical Studies
Since the recent global crisis in the US sub-prime came into the open, many studies have been carried out to report its impacts on the domestic and international economy. However, different results were presented perhaps due to differences in the methodological instruments and scope of the studies.
Soludo (2009) identified five ways in which the global economic and financial crisis impacted the global economy: declining real output growth leading to slowed economic growth; weakened financial systems leading to takeovers and bankruptcy; loss of jobs; loss of confidence in financial markets leading to inability to carry out their intermediation role in the economy; and stock market crashes. The evidence provided in the paper showing how the global economic and financial crisis has affected economies did not adopt any econometric technique to measure the impact. However, a major strength of the study was that it identified the stock market as a transmission channel through which the global economic and financial crisis impact on economies across the globe.
An earlier paper that also identified the stock market as a transmission channel of the global economic and financial crisis into the economies of less developed countries was the study by Te Velde (2008) . The study noted that the global economic and financial crisis has dragged stock markets down by more than 40%. The paper provided trend analysis to justify the size of the impact. Coleman (2008) examined the impact of the global economic and financial crisis on African economies. The study provided trend evidence as well arguing that the crisis has affected selected African stock markets. The study examined the indicators of two developed stock markets, the Dow Jones Industrial Average (DJIA) and FTSE, and three African stock markets, the Johannesburg Stock Exchange (JSE), Nigerian Stock Exchange (NSE) and Cairo Stock Exchange (CASE) over a period of 12 months (November 2007 to November 2008 . The central conclusion drawn from the study relating to the selected African stock market was that African capital markets have fallen by 30-40% over the study period but private equity investors remained committed to Africa.
The African Development Bank (2009) in studying the impact of the global economic and financial crisis on Africa drew certain conclusions that are of importance for this present study. Among other arguments, they noted that Africa was not severely affected by the global economic and financial crisis because of its low level of financial integration with the developed economies. The study identified two transmission channels of the crisis into Africa: trade flows and capital flows (such as foreign direct investment-FDI, private capital flows and remittances).
Similar study by the International Monetary Fund (2009) however noted that Low Income Countries (LICs) are exposed to the current global downturn now more than in previous episodes because they are more integrated than before with the world economy through trade, FDI, and remittances. Though the study by the IMF and the ADB identified the same channels of transmission, they differ in their argument concerning the level of integration of the African economy with the rest of the world. These channels of transmission were also acknowledged in Fundanga's (2009) 
The study by the Economic Commission for Africa (ECA) and the African Union Commission (AUC) in 2009 pointed out that the global economic and financial crisis was not expected to impact African economies because of the low integration of Africa into the global economy. The study further noted that recent developments have, however, shown that the negative contagion effects of the crisis are already evident in the Africa region. On the impact of the crisis on African stock markets, the study noted that the global economic and financial crisis has had a direct impact on Africa. The study argued that stock market volatility in Africa has increased, leading to losses of wealth in major stock exchanges such as Egypt, Nigeria and Kenya.
Te Velde et al. (2009) , in their synthesis of the ten draft country report, documented that the main transition belts of the global economic and financial crisis are trade, private capital flows, remittances and aid. The study also noted that portfolio investment flows experienced a dramatic drop in 2008 in most countries, shifting sometimes to large net outflows and a significant drop in equity markets in 2008 and into 2009. Clearly, the study showed that stock markets (equity markets) are a veritable channel of transmission of the global economic and financial crisis into the economies of less developed countries.
Abraham (2010) employed econometric methods concentrating on a during-crisis empirical study. From his findings, he submitted that both on a general and on specific notes, the stock market is a viable transmission mechanism of the global economic and financial crisis to Africa due to evidence of stock market integration found between selected African stock markets and those of the US and the UK. In terms of the extent to which the crisis impacted African stock markets, the study found a positive/significant relationship between the selected African stock markets and those of the US/UK. Beyond this, he concluded that about 30% of the variation in the selected African stock markets (over the period 10 December 2007 to 3 July 2009) was attributed to the variations from developed stock markets in the US and the UK. However, it can be argued that his study could be fraught with 'data doubling' as the crisis does not concurrently run in the US and UK but rather it spills from the former to the latter (Abraham, 2010) .
From the foregoing, it becomes highly imperative to embark on a study using econometric background with a dichotomy of prior and concurrent analyses of the global contagion on stock markets in African countries as well as the volatility or otherwise, with the main aim of determining the efficiency status of the stock markets, of these countries during the said periods. This will not only clear the air around the unsettled issues about the impact of the former on the latter but show whether the crises and attendant volatility in the market make market stakeholders wiser in information dissemination and usage.
Within the context of methodological issues, generalized autoregressive conditional heteroscedasticity (GARCH) and its variants have been used largely to determine the volatility of stock market returns. Therefore, the introduction of ARCH and GARCH models by Engle (1982) and Bollerslev (1986) , respectively, has introduced an explosive research into the dynamics of conditional stock market volatility.
Precisely, Bollerslev (1986) generalized the ARCH model by modeling the conditional variance to depend on its lagged values as well as squared lagged values of disturbance, called generalized autoregressive conditional heteroskedasticity (GARCH). Some of the models include IGARCH originally proposed by Engle and Bollerslev (1986) , GARCH-in-Mean (GARCH-M) model introduced by Engle, Lilien and Robins (1987) , the standard deviation GARCH model introduced by Taylor (1986) and Schwert (1989) , the EGARCH or Exponential GARCH model proposed by Nelson (1991) , TARCH or Threshold ARCH and Threshold GARCH were introduced independently by Zakoïan (1994) and Glosten, Jaganathan, and Runkle (1993) , and the Power ARCH model generalized by Ding, Granger, and Engle (1993) among others.
If investors are risk averse, theory predicts a positive relationship should exist between stock return and volatility (Leon, 2007) . If there is a high volatility in a stock market, the investors should be compensated in the form of higher risk premium. The GARCH-in-Mean (GARCH-M) model introduced by Engle, Lilien and Robins (1987) has been used by various researchers to examine the relationship between stock return and volatility (see French, Schwert and Stambaugh, 1987; Chou, 1988; Baillie and DeGennaro, 1990; Nelson, 1991; Glosten et al., 1993, and Léon, 2007 among others) .
Mixed results were found by various authors. Some found the relation between the risk and return to be positive (French, Schwert and Stambaugh, 1987; and Chou, 1988 ; among others) while others found it negative (Nelson, 1991; Glosten et al., 1993 among others) . Little or no work has been done on modeling stock returns volatility in Africa, particularly using EGARCH models. This paper attempts to fill this gap.
TREND OF STOCK MARKET DEVELOPMENT IN AFRICA: PRIOR AND DURING-CRISIS REVIEW
Stock markets in Africa expanded considerably after 1989 (Sebnet and Ochere, 2008 Indicators of stock market development as presented in Table 2 show that African markets are small with few listed companies and low market capitalization. Egypt, Nigeria, South Africa and Zimbabwe are the exceptions with 792, 207, 403 and 79 companies listed respectively.
Specifically, the average number of listed companies in sub-Saharan African markets excluding South Africa, is 39 compared with 113 with the inclusion of Egypt and South Africa. Market capitalization as a percentage of GDP is as low as 1.4 in Uganda. The Johannesburg Securities Exchange in South Africa has about 90% of the combined market capitalization of the entire continent. Excluding South Africa and Zimbabwe, the average market capitalization is about 27% of GDP. This is in contrast to other emerging markets like Malaysia with a capitalization ratio of about 161%. Also, African stock markets suffer from the problem of low liquidity. Liquidity as measured by the turnover ratio is as low as 0.02% in Swaziland compared with about 29% in Mexico. Low liquidity means that it will be harder to support a local market with its own trading system, market analysis, brokers, and the like because the business volume would simply be too low: however, despite the problems of small size and low liquidity, African stock markets continue to perform remarkably well in terms of return on investment.
In 2004, six African countries (Ghana, Uganda, Kenya, Egypt, Mauritius and Nigeria) were among the world's ten (10) Egypt, Mauritius and Nigeria apart from Ghana-were amongst the best performers in the year, prior to the global crisis.
More emphatically, before the global financial meltdown, Africa had developed and expanded the equity market sector in a very short time. The number of operating stock exchanges rose from just ten (10) in 1989 to twenty three (23) in 2007, reaching a total market capitalization of over $2.1 trillion. Despite their small size and low liquidity, many African markets offered dramatic return to investors over time. There has been at least one African stock market in the top ten (10) best-performing markets in the World every year since 1995 (Massa, 2009).
The shock waves of the global financial crisis have reached Africa, hitting some of the key drivers of stock market development. First, tighter credit conditions and gloomy growth prospects worldwide, plus increased risk aversion have reduced foreign investors' appetite for investment in African markets. FDI slowed in 2008, and portfolio equity flows have slowed down or even reversed alongside the sharp fall in equity prices (Brambila and Massa, 2009 ).
The Nigerian Stock Exchange (NSE), for example, fell 46% in 2008, becoming the world's worst performing market. In addition to the drying up of external resources, anecdotal evidence shows that private sector credit growth has decreased in some African countries like Nigeria, while domestic bank lending conditions have become stringent in other countries like Zambia. This had a negative impact on banking sector development, which plays a complementary rather than a substitute role for stock market development in Africa. 
Chart 2 Trend in No. of Listed Companies (NLC) to Market Capitalization in
Graphical Trends of All Share Index of Selected African Countries (African Stock Market Surrogates): Pre, During-and Post-Crisis Trends
The graphical illustrations (Charts 6-9) suggest that relative differences exist in timing for the impacts of the global contagion felt by these African surrogate countries. The intensity of the contagion was greater in the Nigerian case than the Cairo stock market. In Nigeria, the stock market experienced a free fall immediately after the effect of the global crisis became manifest. This might be linked to the sudden and persistent capital outflow from the market within the period.
However, the Johannesburg case was cyclical in nature at the start, suggesting that the stock market earlier weathered the storm of global economic crisis earlier but then lost the 'fight,' perhaps when the effect became more intense.
The decline in the United States stock market was not as evident as in the African countries. This could imply that capital movement in the US stock market was not as severe as in those African countries in which foreign participation was quite significant.
Chart 6 Nigeria All-Share-Index
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METHODOLOGY AND ANALYTICAL FRAMEWORK
Prior to the specification of the methodological framework for this study, it should be noted that we are betting on the null hypothesis that the global economic and financial crisis does not significantly improve the efficiency of stock markets in emerging markets, with particular reference to African countries. In order to avoid 'lopsidedness' in estimation, this study intends to carry out both a holistic and country-specific investigation within the context of pre-during-and post-crisis estimations. These will afford us the opportunity to establish whether consistency prevails within these three periods.
Our choice of taking the Nigerian Stock Exchange, Johannesburg Stock Exchange and the Cairo Stock Exchange as the surrogates for the continent of Africa is informed by the fact that these are the highly performing stock markets in Africa (see Tables 2 and 3 ) prior to the occurrence of the global crisis and its consequential contagion on stock markets the world over. Therefore, the impacts of contagion on these markets could be valid for continental generalization. Also, the use of the Dow Jones Industrial Average (DJIA) as the anchor exchange is based on some recent empirical studies (see Tella, 2009 ).
Data Sources
The data employed for this research work are primarily the daily total stock market index of the selected African countries, viz the Nigeria Stock Index (NSI), the Johannesburg Stock Index (JSI) and the Cairo Stock Index (CSI). It is coupled with the Dow Jones Index (DJI) for the United States of America while following the work of Abraham (2010) ; the data for the African Stock Index is an average value for the three surrogate countries of Cairo, Johannesburg and Nigeria Stock Indices. These data are extracted from the respective countries' official websites such as www.nigerianstockexchange.com, www.jse.co.za, www.case.com, and www.nyse.com. Also, to facilitate the trends analysis of this work, data are sourced from the World Development Indicator (WDI, 2009).
Tests of Analysis
In order to lend credence to this study, we obtain some summary statistics such as the mean, median, standard deviation, maximum and minimum values, skewness and kurtosis which assist us in confirming the average and dispersion properties of our stock data.
Concomitantly, a series of diagnostic tests such as the Ljung-Box Q-test and Ljung-Box Q 2 -test statistics were later used to diagnose the models for the absence of specification bias. While the former will check for the mean equations, the latter will be more appropriate for the variance equations. The ARCH-ML test was also used to assist in ascertaining if the standard residuals exhibit additional ARCH Effects (Olowe, 2009 ).
Additionally, since most economic data are said to be fraught with a unit-root problem i.e. the means and variances are time dependent and such variables are said to be I(1) (Holden and Perman; 1974) , the validity or otherwise of this assertion was established through the use of Augmented Dickney Fuller (ADF) and the Phillip-Perron tests of stationarity. The ADF test shows that any dynamic specification of the model in the levels of their series is likely to be inappropriate and may be plagued with problems of spurious regression (Green, 2003) .
Summary Statistics and Autocorrelation of Raw Stock Return: Pre-, During-and Post-Crisis Periods
The summary statistics displayed in Tables 4-6 suggest that the mean returns for African stock markets of the prior-, during-and post-crisis period are 0.00134, 0.00037 and -0.00066 while its standard deviations are 0.104687, 0.127092, and 0.01878 respectively. This signifies that the mean return appears to be positive prior to and during the global crisis but both turned negative afterwards showing that on the average, investors did not really sustain losses during these periods, except in the post-crisis period. The behavior of the standard deviation shows a positive relationship between risk and return (as depicted by standard deviation and mean respectively) since it appears lowest in the post-crisis period.
Similarly, the respective stock markets of Nigeria and Johannesburg share the same attributes with the African stock markets as the behavioral patterns of mean returns and risk levels of stock (denoted by standard deviation) in all respects. For the Nigerian case, the mean returns during the prior-, during-and post-crisis periods are 0.001319, 0.000115, and -0.00115 while its risk levels are 0.209008, 0.206046 and 0.02433 respectively. Also, the Johannesburg stock markets has a mean return of 0.001244, 0.000402, and -0.00000497 with the risk levels of 0.011904, 0.200260, and 0.01632 respectively for the periods under review. However, the Cairo stock market has mean returns and standard deviation during the periods under review that indicate that the Cairo stock market did not suffer the effect of contagion during or even after the global economic crisis. The mean returns prior-, during-and post-crisis periods for the Cairo stock market are 0.000287, 0.001452, and 0.00156 with standard deviations of 0.020948, 0.012781, and 0.02314 respectively. This indicates that the average market return is even better during the crisis than prior to but performs best in the post-crisis period. The risk is also positively related to the returns too as an increasing return is accorded with an increasing risk.
Additionally, the skewness of the data series indicates an asymmetric or non-normal data distribution as the series deviates widely from normality maintaining both positive and negative skewnesses. The African stock returns are positively skewed in the prior-and post-crisis periods with 0.09573 and 0.55495 coefficients, but -0.11058 during the crisis period. The Nigerian stock market returns also share a similar distribution with 0.01822, -0.10903, and 0.66202 in the prior-, during-and post-crisis periods respectively. The Cairo stock returns maintain negative skewness for all periods under study with -0.53965, -0.58777, and -0.19354 coefficients respectively while the Johannesburg stock market returns were skewed negatively pre-and post crisis periods with -1.274585, and -0.37898 coefficients, but positively during the global crisis with 0.10312 coefficient.
With a 3.0 benchmark for the Kurtosis of a normally distributed series, it is only the Cairo stock market that could be said to be normally distributed, especially during the post-crisis period as it has 4.80746, 4.2973, and 2.82819 for the pre-, during-and post-crisis periods respectively. For the cases of Africa, Nigeria and Johannesburg, the kurtoses obtained are very high suggesting highly peaked distributions, that is, they are leptokurtic in nature for the periods under review.
In summary, the analysis of the stock returns confirmed that the empirical distribution of returns in the African stock returns market, except that of the Cairo market, was of asymmetric distribution, and with very thick tails. The leptokurtosis reflected the fact that the market was characterized by very frequent medium or large changes. These changes occurred with greater frequency than what was predicted by the normal distribution. The empirical distribution confirmed the presence of a nonconstant variance or volatility clustering.
Augmented Dickney Fuller and Phillip-Peron Tests
The results of the Augmented Dickney Fuller (ADF) and Phillip-Peron tests are presented in Table 7 . Aimed at strengthening the estimates obtained in our specified models, it showed that, during the global economic crisis period of 30/06/2007 -31/12/2008, stationarity was obtained at levels I(0) for the holistic variable of Africa as well as the individual variable for the surrogates African countries. The exception was Egypt (herein proxied as CASE) which only maintained stationarity at an order of integration 1, that is I(1). However, in the after-crisis period of 01/01/2009-30/06/2009, all of the individual African surrogate countries and, indeed, the whole of African countries' stock markets were non-stationary at levels rather at an order of integration one, I(1). Additionally, in the prior-crisis period of 30/06/2006 -31/12/2006, the South Africa stock market (JSE) and that of Egypt (CASE) were non-stationary at levels except at an order of integration 1, I(1), while the Nigerian stock market (NSE) and that of the whole African stock markets (AFRICA) were stationary.
The implications of the above findings is that except for the Egyptian stock market (which is found to be affected by the shock of the global contagion), African stock markets were individually and collectively efficient (since stationary at levels) in the face of the global economic crisis. Hence, the markets could be said to be volatile during the crisis period. However, after the crisis period, all of the African stock markets were, individually and collectively inefficient (since they were non-stationary at levels) and non-volatile. The prior-crisis period indicated that only the Nigerian stock market and the collective African stock markets were efficient (since they were stationary at levels) and volatile but a different finding ensued in looking at the South Africa and Cairo stock markets during this period, which were inefficient (they were non-stationary at levels) and non-volatile. Source: E-Views Output.
In the light of this, one might be tempted (as did Collins and Bekpe, 2004) to conclude that African stock markets were not affected by the spread of contagion from the global economic and financial crisis. This did not hold up in the evidence from the findings from the post-crisis period. However, indications from the above findings suggest that the contagion effect of the global economic crisis took its time in spreading to the African region and its surrogate countries. The exception was Egypt which was considered to be inefficient in the weak form prior to the global crisis (see Table  7 ). But none of the other countries as well as the continent as a whole was spared after this period of global crisis, implying that there was some short lag as part of the effect of the global economic crisis.
But we may not base our conclusions solely on the unit root tests of the weak-form efficiency or otherwise of the stock markets since the ADF and the Phillip-Perron unit root tests only examined the existence of stochastic trend components. They did not detect the predictability in returns (Chung, 2006) . The possible violation of the random walk hypothesis of the African, Cairo, Nigeria and Johannesburg stock returns needs to be examined further using the EGARCH -Exponential Generalized Autoregressive Heteroscedasticity. Therefore, this is considered next.
Model Specification and Analysis
Since the introduction of ARCH and GARCH models by Engle (1982) and Bollerslev (1986) , respectively, there has been an explosion of research looking for the dynamics of conditional stock market volatility.
The specification procedure for GARCH models includes determining time-varying volatility behavior as well as searching for the asymmetric effects of shocks on volatility. Also, the traditional measure of volatility as represented by variance or standard deviation is unconditional and does not recognize that there are interesting patterns in asset volatility; e.g., time-varying and clustering properties.
This study attempts to model the volatility as well as the efficiency or otherwise of African stock markets in the light of the global economic crisis through the use of EGARCH or Exponential GARCH model proposed by Nelson (2001) . Hence, the models are as specified below: = the effect of past day's stock return on the current day; that is, the efficiency of the African, Cairo, Nigerian and the Johannesburg stock markets; nets off the consequential effects of global contagion. This also allows for a possible inherent autocorrelation problem in the model (Olowe, 2009 ).
ARCH-ML TEST
Estimations from Table 10 indicate that the coefficient of lag of stock returns (b 1 ) for the holistic African model, the CAIRO, NSE and JSE are only significant for the Cairo and the Johannesburg stock market returns while those of the Nigeria and the African are insignificant at the 5% level. This confirms that the inclusion of the lagged dependent variables in correcting for autocorrelation problems are only justified for the Cairo and Johannesburg cases.
In addition, the coefficient of expected risk (b 2 ) are positive and significant for the African stock markets and the Johannesburg stock markets, while those of Nigeria and Cairo are insignificant with the latter being even negatively insignificant. These suggest that direct and significant relationship exists between the stock return and its own volatility (risk) for the holistic African and Johannesburg stocks. At the same time, little evidence exists between stock return and its volatility for that of Nigerian stocks (because, since though positive it was insignificant) but an inverse relationship, though insignificant, between stock returns and its volatility appeared in the Cairo case. On the other hand, the coefficient of global economic crisis (b 3 ) was positively related in all cases (i.e. the holistic Africa, Cairo, Nigeria and Johannesburg stock markets), but was only significantly related to stock market returns in the holistic Africa and the Johannesburg stock markets. This implies that the global economic and financial crisis only significantly affected the holistic African markets and the Johannesburg stock markets during the crisis period. Though also affected the Cairo and Nigerian stock markets returns, it was insignificant during the crisis period. The indication from these findings is the magnificent nature of the Johannesburg stock market in the overall portion of the African stock markets' content.
Aside from the mean equation analyses as above, the variance equations show that the sum of α coefficient is positive for the overall Africa, Nigeria and Johannesburg stock returns but negative for that Cairo. However, only the holistic Africa and Johannesburg stock markets returns are significant at the 10% levels. These confirm that the presences of ARCH effects are very pronounced in the African and the Johannesburg stock markets; though they are present in the Nigerian case too, they are insignificant in nature and absent completely and insignificantly in the Cairo stock market. The presences of ARCH effects denote the prevalence of volatility clustering since conditional volatility tends to rise (fall) when the absolute value of standardized residuals is larger (smaller) (Leon, 2007) . Table 9 also shows that the β coefficient which is the determinant of the degree of persistence is statistically significant in the holistic African stock markets and the Cairo cases but insignificant for the Nigerian and the Johannesburg cases. The sum of the β coefficients in the African, Cairo, Nigeria and Johannesburg cases are -0.6209, 0.7676, 0.0131, and 0.0095 respectively. With these coefficients for the degree of persistence, it shows that very high persistence in volatility exists since the sum of β on the average is close to one (1) in the holistic model and closer 1 in the Cairo model but very low (closer to zero) in the Nigerian and Johannesburg cases. The high volatility shows that the holistic African stock markets and the Cairo stock markets are more volatile during the global economic and financial crisis. These findings are highly revealing as we are able to determine that the volatility in Nigerian stock market and possibly the Johannesburg during the period of global economic and financial crisis could have been more accounted for by the stock market crash than by the global economic crisis.
Therefore, this agrees with the findings in the study of Olowe (2009) which conclusively posited that the stock market crash (and/or not the global financial crisis) could have accounted for sudden changes in variance both in the Nigerian and Johannesburg stock markets, and likewise in the holistic African and Cairo stock markets. These assertions are further established by the augmented EGARCH-inMean model with the inclusion of the global economic crisis, as represented by the US stock returns in the variance equations of all models. The volatility persistence is higher and significant in the Africa and Cairo stock market returns but lower and insignificant in the Nigeria and Johannesburg cases, thus, corroborating the above assertions.
Furthermore, Table 9 also indicates that the asymmetric and leverage effects are negatively insignificantly for the Johannesburg model, positive for the holistic Africa, Cairo and the Nigerian models but significant for the African stock markets (at the 5% level) and the Cairo stock markets at the 10% level. The presence of the negative and insignificant asymmetric and leverage effects show that the asymmetric and leverage effects are accepted for the African and Cairo models but rejected for the Nigeria and Johannesburg models.
The coefficients from the estimates in Table 11 are to ascertain the diagnostic fitness of the models specified for prediction and their appropriateness for forecasting. As evidenced, the coefficients for the autocorrelation standard residuals and the autocorrelation standard square residuals are insignificant (since probability values are closer to 1) for the aggregate African model, the Cairo model and the Johannesburg model. These signify that there are absences of serial correlation in both the mean and variance equations as specified in the models above (see equations 3-7); therefore the models are appropriately specified and there are absences of additional ARCH effects in the variance equations of the respective model. 
CONCLUSION AND POLICY RECOMMENDATIONS
This study which has the primary aim of investigating the relationship between the global economic crisis and the stock market efficiency in selected African countries comes up with the conclusion that the major driver of the African stock markets is the Johannesburg stock market since the consequential effect of the global economic crisis on this stock market subjected the overall (holistic) African stock markets to significant effects, even to the extent that the cumulative strengths of the other surrogate countries of Nigeria and Cairo could not stop the intensity. This assertion is further confirmed by the volatility clustering that is more manifest in the Johannesburg stock market and by extension to the holistic African stock markets. It is the only market that can be considered efficient.
However, the degree of persistence of volatility is high in the holistic Africa and Cairo stock markets; implying that the volatility clustering is short-lived in the Johannesburg and Nigeria stock markets during the global economic crisis, but has a more overarching effect in the Cairo stock market.
Also, it could be adduced from the study that the Cairo stock market betrays the very conscience of simple finance theory that higher return is usually accorded with higher risk since its stock return is negatively linked with its risk (volatility) while those of the holistic Africa and Johannesburgs re-affirm the risk-return nexus as both relationships are positively significant. The Nigerian case is insignificant, though positive. Overall, the stock markets in Africa react slowly and with some long lag to the global crisis.
The findings evidenced in the use of the EGARCH technique are highly supported by the findings in the Augmented Dickney Fuller (ADF) and the Phillip-Perron tests of Unit Root.
On the whole, the models are found to be free of specification biases as substantiated by the insignificance p-values in the diagnostic tests of Ljung Q-tests and Ljung Q 2 -tests for the mean and variance equations respectively. 
